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EJFEGT OF FUSELAGE AND ENGINE NACELLES ON SOME
-AERODYNAMIG PROPERTIES OF AN AIRPLANE WING*

By Joan Vladea

With the aid of the method of J. Lotz (reference 1),
the writer undertook to solve theoretically the 14ift dig~—
tribution along the span of an airplane wing, when the
outline of the wing is uneven, This problem arises in
the case of a nid~wing monoplane with embedded engine na-
celles, The fuselage and the nacelles were considered as
aerodynamically profiled, that is, as lift-producing parts.
The task was therefore to determine not only the disturd-
ance caused by the fuselage and nacelles, but also thelr
share in the total 1ift of the wing.

_ After the above-mentioned calculations, the induced
velocity, due to the vortex system by which the wing was
replaced, was also calculated and measured at the points
corresponding, in an airplane, to the location of the hor-
izontal tail surfaces. The tail was in fact wanting, so
that its interference with the fuselage was disregarded.
In order, however, to allow for the effect of this inter-
ference, use was nmade of some of the data pubdblished by
Gorskyi (reference 2).

As mentioned by J. Lotz, the method discovered by her
can also be used for wings in which discontinuities occur
in the profile, angle of attack, or plan contour. The
functions

£, (8) = ag(g) sin & = )X Ggp sin n §
£,(8) = %%—Y sin § = 2 ¥, cés 2 8

m Y
*1Tber den Einfluss des Rumpfes"(Gondeln) auf einige aero~
dynamische Eigenschaften des Flugels." Z.F.M., October 28,
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fulfill the Dirichlet conditions wnich are necessary to
develop a function in the Fouriler series.. In what fol-
lows, we undertake to determine the distridbution of the
1ift and of the induced drag for the wing represented by
figure 1. The profile for the wing is. the Gottingen 723
and for the fuselage the GOutlngen 350. These profiles
have ¢, = 2,64 and c¢c3 = 2,53, respectively. The pro-
file for the region of the nacelles was tested in the
Aachen wind tunnel. It has ot = 2.64, and the angle of
attack for ¢ =0 1is ~10. 5° If the assembly is also
considered, the following dlfferences between the angles
of attack are obtained:

Wing-nacelles .... =2°
Wing~fuselagse .... 6°

For figure 1, we can write:

Coordinates along Angle of Chord degy

wing attack \5—&me

O. < 8§ < & agy = ay t(g) =.t1 €1 = €11

51 < & <« 83 = (g = t, = Ciz2

82 < 8 < 55 = o = 13 = c11

83 < & < m -~ 8 = Qg =t = Cis

T e 6 <8< T~ 8 = g = t3 = e11
-8 < 8 <1~ §; = O = tz = Ci2
m™T=-08;, <8 < = = %, = Ci4

~ The coefficients of the Fourier series are determined
in the usual manner,

m ol | 55

ag ffl(é) sin Sdﬁ—%‘of a,sin® 8d6+] o;2s1n36d8 +
551
-84 T -8 :
f alsin28d8+ [ azsin?8ds+ S a,sin®8ds +
6:: : 63 ﬂ"63

- 6
+ / “azsin® 848+ f a,sin® Sdél .
TT—E)Q =
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-~ By ‘integration we obtein: - . - - . .

Gg=

= 2 (a1-08) [(8:-82) = Xlsin 2 §3-sin 2 82)] ¥

+ 2 (q1-aa) (8a- % sin 2 83).

=

We also'obtain-the coefficients Cgn in the same way.

[51n ndi1co0s8;~sin ndzcosda-n(sindicos nd1- sinézcos nﬁg)

" (n = 1) (n+ 1) J
g ( ) Msin nlazcosdz-nisindzcos n83]
7 \Gam%a L (n = 1) (a + 1)
The amplitudes Y are determined by integrating between
the same values as vefore,
1 2t, t B
- = s= < | o Yo ~(Zo _
Yo Trgfz(é)ds ﬁlt (tl tz\(cosSl cosdz) (tl 1>c0563
L— u—
AT to \
N

2v(sin2v8, sind; ~sinlV8; 8ind, )+cosV8, cosd,~c082V83 cosdz
(2v - 1) (2v + 1)

Co _1\ ZUsinZUéssin63+cos2v6300s63—~_E to 1
(2v~-1)(2v+1) oty (2v-1) (2v+1)

Since the calculation reguires a counstant ¢, over

the whole wing span, this coefficlent was determined as an
arlthmetlcal mean.

cCi=Cyjy - (00551*00552) (011 Clz) (ci1~ci1a) cos 83.
The necessany coeff1c1eﬂts for the equational system were

calculated with the aid of these formulas, the unknowns
being the egoefficients agp of the series

I'(g) = Vitg iy T gy sin n §.
“x
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Since the convergence of the system was not wvery pronounced,
eight harmonics were calculated. :

For :the case of .2 wing with only the fuselage, the so-
lutions of the eqguational system are as follows:

ST L L ey =  0.28821 @, +0.03807 ag
... ... Gea = 0.04862 a, -0.02483 a,

" Ges = —d;dooéz @, +0.01941 ag

Ger = 0.00918 q, ~0.03526 ag

Pl ttes = =0.,00476 a, +0.01249 aj
Qei1 = 6.00496 a; -0.01019 aj

Qgis = 0.00334 qy =0.00717 as

With these values in the following points of the span

(o} [0}

§ = 15°, 223°, 30°, 45°, 60°, 874°, 75°, 80°, 90°,

the values
== Qen. sin n &
i

and

to n dgp sin n §

—

tl sin §

were determined, which are proportionzl to the 1ift and to
the_ induced velocity. The sums were multiplied by to/tl,
inso¥rder-to obtain comparable data for fuselages of differ-
ent lengths,

‘It is obvious that the coefficients aen afe functions
of the angles of attack a, and az. Hence thg}@istribution
of the 1ift and of the induced velocity is also a function
of the angle of attack. Tigure 2 shows that the fuselage
causes a disturbance in the distribution at small angles
of attack,. that this disturbance becomes: zero at. a certain
angle;of attack, and that, from there on, the fuselage
share is greater than the disturbance produced-by it. This
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variation in the Tift dlstrlbutlon is also, accompanled by
a variatlon in the 1nduced drag, which is proportional to
the deviation from the ‘elliptical distribition., The fune-
tion of the induced "drag does mot become zero .when the
function of the 1ift passes through zero. This interfer-
ence effect can also be explained as follows. ‘It is known
that : _ o
AAh=pVIdy=cs g %(p) 4T
that is, - ' Co
= Ca
=27 %)

The circulation is therefore proportional to -cé t(g)r~ .
Figure 4 represents c5 t as a function of ae for the
fuselage and wing. The straight lines intersect at = o
point where the interference is zero. The interference
is proportional to the difference between ag for the
same value of ¢, t.

that the 1lift does
fuselage for zero
of the fuselage the
positive angle of

From figure 2 it can then be seeun
not become gzero in the interval of the
angle of attack. XEven in the interval
wing induces a 1ift which results in a
attack. This can happen only when there is an upward cur-
rent in this region. This is also confirmed by the dis-~
tribution of the induced velocity. Hence the induced drag
becomes negative (thrust) in this region and at this an-
gle of attack (fig. 5). '

In the case of a wing with fuselage snd engine nscelles

‘the solutions of the equational system are:

Gey = 0.27817 a, +0.01740 a, +0.03840 ag
Ggg = 0.04904 a, -0.00020 a, -0.02480 a,
Ges = . 0.015625 o, -0.01944 0p +0.01913 ag
Qey = =0.00204 o +0.01425 s ~0.01472 ag
Qes = =~0,00013 q, -0,00474 dé +0.01237 as
Ge11 = 0.01345 q, -0.,01055 ap —0.01035 as
Qe1s = -0.01019 «,; +0.00831 oz +0.00846 as
teis = 0.00291 @, +0.00050 ap -0.00716 as
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Figure 6 shows that the influwence of the nacelleg is al-
most neégligible, due to the umimpaired profile.charactern-. .
igtics of the wing even in this regions .The.slightness.
of ‘the '‘influencé is-dune.to -tlie dugle-.of attack between
th1s portlon and the rest of the w1ng. Q;j:ﬁ;“ e

: A comparison. w1th practlcal results was made by means
of wind-tunnel tests. The profile drag was added to the ..
calculated induced drag.- This drag was regarded, however,
as proportional to the surface area: of the model, which
corresponds to the fact for normal angles of attack, since
the frictional drag Plays an 1mportant role at these an-'’
gleﬁ (fige 7). . -

. As a practical result of the determination of tue
equatlon for the llft dlstrlbut on,’end hence also’ for tne
free vortices along the span of the- wing, the induced ver-
tical velocity in the elevator’ f1e1d was-also calculated,’
both with and without: the: fuselage. A oody of rotation’
with Cottlngen profile 360 was used as: the fuselﬁge.

A few general formulas will now be eutabllshed. The
fanction I = to T cy Z'aen ‘sin n- & Wlll ‘be used for the
circulation dlstrlbutlon,. Tne p01nt' A \flg. 8)_13 not
situated on the axis'offsymmetry of. the alrplane, so that
the required formulas have & gereral character. Accordiug
to the Biot-Savart law, we can write: = : :

rtay 6% v 1 )
d wy = 575 + —S——— |1 & | =
4w(12+§) o4 L (12+'§-‘)’~J!

4 1# {} + (§3519/2' 4k l;. {i +.<%

As customary, we put:

y o= - g cos 8 end dy = L sin & 4 §
Then R -t =4 - g cos &, -
and - % 5'@1-;E.cog 5= € —iﬁﬁﬁﬁg 8,

1 2l
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.where. €= %and'ﬂ— bf

Substltutlon and 1ntegrat10n yleld

ﬁ':' B S

wa _ bo cl b % Cen sln n 8 sin 5 5 i
v .8 TT 'L ,/[l + (€ - 'ﬂ cos 6)933 L0 ks
Fapl "-t{,c Z n C(.er; cos n 8

:f4nTL o' € - m cos 8

d: 5
J1+(e»ﬂ cos 6)2:‘

D1ract 1ntegrat10n of the expr6551ons s 1mposs1ble
because the integrals are elllptlcal.c It was therefome
made graphlcally for the cass when __j: -

m =1 and’ €= 0,005 0.05;.0.10; O. 157 0,205 0.25

and 1ndeed for the wing w1thout fuselage and for the wing
Wlth body-of-rotation fuselage. The- accuracy of the draw-
ing and.of the planimetry was . at least O ‘001, so that the
results .compare very favorably w1th the results of a tedl—
ous analytlcal calculation.

For comparlson with practlcal results, the angle was
measured between. the direction of motion at a point where
the horizontal tail surfaces would be and a fixed initial
direction. This angle was measured for the wing without*
fuselage and with the body of rotatlon. " The initial dirdc-
tion was assumed to coincide Wlth the - firection of the’ wind
at zero lift. For the wing w1th the’ thtlngen proflle 723,

1tn which these experlments were likewise performed thlS
zero 1ift was obtained at an angle of attack of -6° Ari
the other angles were measured from this original- dlrec—'
tion.

The angles were measured with the ald of ‘a very flne
silk thread, as shown in figure 2. Silk was’ chosen be-
cause of its lightness and because its surface ‘is rough
enough for it to be Plown in the direction of the wind.
The angle, made by the silk thread with the initial direc-
tion, was measured with a.telescope which was provided
"with a reticle and which could be rotated about its axis.
The accuracy of this apparatus was 0.02°. In order to de-
termine the effect of the weight of the thread, the angle
of the thread was first measured in the customary suspoén-
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h ¢
sion of the model in bhe w1nd tunnel and again after turn-
ing the model 180° about the axis AB. The aggular_dlffer—
differerdce thus obtained,:which was.about 0.3 .4t the same
angle of attack, was used in the final determination of
the angle. The angles were thus measured for the cases

m=1 and &= 0.00; 0.05; 0.10; 0.15; 0.20; 0.25.

As shown by figures 10 and 11, the experimental re-
sults agree very well with the theoretical calculations
for the case of a wing without fuselage. This proves that
the assumptlons were justified. There is no good agree—
ment in the case of a wing with fuselage, due to the neg
lect of the Lift distridbution along the length of uhe fu~
selage in ‘the theoretical calculations and to the_fall—,
ure. to calculate sufficient harmonics. The assumption is
justified that the whole 1ift can be concentrated in the
center of pressure,  cn which assumption the salculation
of the interference is based. For the case in question, .
the: fuselage is much nearer to the test Points than the

-wing -or the center of pressure." Also’ the otherwise unim-

portant 1ift along the length of the fuselage has so much
influence that this assumption is no longer justified, i
In the plotted curves, a great reduction in the induced
velocity in the region covered by the fuselage can be de-
tected, the induced velocity being even directed upward at
small angles of attack. A considerable part of the region
where these phenomena are noticeable is in the interven-—
ing space, where the influence of the tail surfaces is

- very weak (dead-air region). Therefore this disturbance
+ ~phenomenon is not of very great importance. For the re--
"maining region, the induced velocity measured has about

the same ‘value as for a wing without fuselage. O0f course
these.values are also affected by the snape and width of
the fuselage.

Ihe following formula can be used in the case of a
wing without fuselage for calculating the induced veloc—
ity a2long the span of the horizzntal tail surfaces, since
the induced velocity varies but slightly in this restrict-
ed .region. '
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The first part of the formula yields the induced velocity
due to the supporting vortices; the second part, that due
to the free vortices. For the case =1, the part due
to the supporting vortices is about 1/3 of the tetal in-
duced velocity and cannot therefore be disregarded. Of
course this formula can be used only for fuselages of nor-
mal shape and width.

In the above-mentioned work of Gorskyi tne shape of
the curves for the vortices of the induced velocity are
the same as in our case. He made the measurements with
the aid of two pitot tubes under 90°, which were therefore
also very sensitive for the direction of flow. He also
measured the absolute valuwe of the velocity at the points
in question, which is not possible by our method. In gen-
eral he obtained in the region covered by the fuselage a
stronger upward current than we did. In the remaining
region, the values are nearly the same. The interference
between the taill surfaces and fuselage is not at all no-
ticeable, the results being practically the same for both
cases with and without tail surfaces. Gorekyi also meas-
ured the asymmetry in the downward current from the pro-
peller.

I am indebted to Dr. C., Wieselsberger, the director
of the asrodynamic institute, for the assignment of the
subject, for his advice during the work and for the use
of the wind tunnel for the control tésts.

Translation by Dwight M. Miner,
National Advisory Committee
for Aeronautics.
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Figure l.-Arrangement of fuselage and engine nacelles.
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Figure 10.-Direction of down current at horizontal tail surfaces vs.
span(b of semispan)at various angles of attack of wing.
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